Introduction
Established diagnostic methods used to detect hip prosthesis loosening are mostly based on imaging techniques and are still accompanied with a high failure rate leading to either unnecessary revision of sufficiently osseointegrated endoprostheses or a too late diagnosis with bone stock destruction and difficulties in implant revision. A possible alternative approach is in-vivo vibration analysis directly at the prosthesis. This could allow early post implantation healing process monitoring and later on the detection of prosthesis loosening by evaluating frequency response characteristics identifiable through the presented integrated wireless measurement system positioned in the femoral ball head.
Methods
Hip prosthesis and implant as well as surrounding tissue form a mechanical system which possesses characteristic resonance frequencies identifiable in the frequency spectra when excited to mechanical vibrations. FEM simulations and laboratory experiments have been carried out to determine the prosthesis loosening influence onto specific resonances. Measurements were undertaken with the developed wireless micro system integrating an acceleration sensor and a lockin amplifier. Placed in the hip implant ball head it allows the wireless acquisition of the implants frequency response due to a mechanical excitation.
Results
Besides the influence of loosening additional mechanical cross-sensitivities have been identified such as mass of surrounding tissue, location of vibration excitation, hip load case variation, static tissue pressure in the excitation zone and residual muscle variations. Qualitative and quantitative results of resonance frequency changes caused by these factors are presented.
Conclusion
The feasibility of the diagnosis approach and its technical realization has been demonstrated through finite element simulations as well as several ex situ experiments, which demonstrate how resonance frequencies of the bone-prosthesis system can be influenced by loosening and how this behavior can be evaluated for a clinical diagnosis. On the contrary evaluated frequency response characteristics of the bone prosthesis system are also influenced by mechanical properties not necessarily related to a loosening.
Biomed Tech 2012; 57 (Suppl. 1) © 2012 by Walter de Gruyter · Berlin · Boston. DOI 10.1515 DOI 10. /bmt-2012 
